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A CORRELATION BETWEEN SOLAR RADIATION INTENSITIES AND RELATIVE 
HUMIDITIES 

By P. R. GAET gg/. 5-70, 2. : A X / *  57/ 
[Harvard Forest and Northeastern Forest Experiment Station, November 7, l02Dl 

In  the compilation of data on two synchronous studies 
of factors affecting tree growth and of weather and forest 
fire fuel relationships' a noteworthy relation between 
relative humidity and solar radiation intensity was 
discovered.P This relationship is not advanced to sup- 
plant other indices for the computation of probable 
radiation intensities, such as have been used m t h  success 
by Kimball (6). It is advanced as a contribution to 
research on the relations between weather and ecological 
problems and forest fire-hazard studies in which are 
stressed short period information for all kinds of meteoro- 
logical conditions including all degrees of cloudiness. 

The solar radiation record was obtained by a spherical 
hot-junction thermopile devised by the writer (2) (S) to 
integrate all radiation at  normal incidence. For the work 
here reported three of these thermopiles (type A(S)) in 
series were registered on an Engelhard RM recorder (4) 
giving 30 readings an hour. This material has been 
grouped in correlation tables which differ in the relative 
humidity data employed and the number of observations 
included. All the material available has been used; that 
the total hours do not equal all those possible is due to 
the absence of the observer on rainy days when the fire 
hazard was nil. 

The crude data are presented in Table 1. In  Bugust 
and September, 1927,-173 three-hour records out of a 
possible 183 were obtained, so that a variety of sky con- 
ditions are represented. The gram calories per square 
centimeter for the 3-hour period are correlated with the 
relative humidity (by sling psychrometer) a t  the end of 
that period. The 8-11 a. m. (apparent time) radiation 
values are used with the 11 a. m. relative humidity 
(per cent), the 11 a. m.-2 p. m. radiation with the 2 p. m. 
relative humidity, the 2-5 p. m. radiation with the 5 p. m. 
relative humidity. From these data (correlation coeffi- 
cient T = - 0.76) may be calculated the regression equa- 
tion of solar radiation on the relative humidity. 

Solar radiation (a= f 36.85) =306.0- (2.678 Xrelative 
humidity (in per cent)). The standard error u includes 
two-thirds the readings. 

From similar data for July 1 to August 20, 1926, 
inclusive, 141 periods, out of a possible 153 (see table 2), 
the following relation is obtained (T = - 0.75) : 

1 These studies were common projects of the Northeastern Forest Experiment Station 
and the Harvard Forest. The meteorological data, other than solar radiation, were 
obtained by Mr.  P. W. Stickel, in charge. and MI. A. W. Oottlieb; planimeter records 
of solar radiation by Mr. Oottlieb; computations by Mr. Roy A. Chapman. 

2 There are certain well-known factors controlling the intensity of solar radiation at a 
given time and place, as follows: 

(1) The distance,of the earth from the sun. 
(2) The zenith distance of the sun. 
(3) The scattering of the solar rays by the gas molecules of the atmosphere, including 

water vapor. 
(1) The selective absorption of solar rays by atmospheric gases, principally by water 

vapor. 
1.5) Thn smtterine and absorotion bv atmosoheric dust. 

, 

of thesky covered with cloud. 
It seems to be a coincidence that a high minus correlation exists between the relative 

humidity of the atmosphem and radiation intensity. With a clear sky the relative 
hiimiditv ennerallv decreasen raoidlv as the air temoerature rises to its maximum for 
~ ~ ~ d ~ y , - a ~ d  atappiorirnately ;he same rime the radiation intensity inereasas as the 
zenith distance of the sun decreases Furthermore, the probability of the formatlon of 
lower clouds i n c r w s  the relative,humidity increases and such clouds act as a reflector 
to turn back the incoming solar radiation. It thus appears that the relatlve humldlty, 
which is an important factor in forest-Ere hazard also gives an indication of the solar 
radiation intensity; hut as the author points out, it can hardly be employed in computa- 
tions of solar radiation intensity at a given time and pIm.-H. H. K. 

Solar radiation (u= 641.63) =306.1- (2.635Xrelstive 
humidity (per cent) ). 

There is a loss in intensity of radiation due to the 
increasing air mass through which it must pass as the 
zenith hour angle of the sun increases. (Kimball(6) and 
(6). )  No allowance for this factor entered into the values 
of the radiation used above. The need for such a correc- 
tion can be reduced by retaining only the 11 a. m. (8-11) 
and 2 p. m. (11-2) periods. A further correction WM 
made by substituting the average of the 11 a. m. and 2 
p. m. relative humidity values for the single 2 p. m. 
relative humidity reading employed heretofore, In this 
way was obtained (table not given) a correlation coeffi- 
cient T = - 0.80 and the regression equation; 

Solar radiation (a = f 30.93) = 31 1.4- (2.543 X relative 
humidity (per cent)). 

The estimate of relative humidity used above may be 
further refined by checking the 11 a. m. and 2 p. m. 
readings of the hair hygrograph with the sling psychrom- 
eter and then estimating the integrated deviation of the 
trace. This deviation was applied to the average relative 
humidity. These values are entered in a diagram 
(Table 3). An T = - 0.84 is obtained, and a regression 
equation. 

Solar radiation (a= f 29.02) -303.2- (2.530 Xrelative 
humidity (per cent)). 

These two successive refinements, first, the correctioh 
for loss by absorption in increasing air mass, and second, 
the improvement in the value of relative humidity, show 
about the same improvement, 0.04, in the value of the 
correlation coefficient. The standard error is diminished 
20 per cent by the isolation of values with a small variation 
in air-mass absorption. 

Comparison of the correlation table (No. 3) for solar 
radiation and relative humidity (T = - 0.84) with the 
correlation table (No. 4) for solar radiation and vapor 
pressure ( T =  -0.31) shows how large a factor is the- 
atmospheric transmission. For it is by the association 
of the atmospheric temperature with the absolute atmoe- 
pheric moisture that the resultant, the relative hu- 
midity, becomes significant when clear skies do not 
prevail. 

For a check, the hair hygrograph record was plani- 
metered for the average relative humidity between 
8 a. m. and 5 p. m. for each day of August and September, 
1927. The total solar radiations for the same 9-hour 
periods were computed and entered with them. (Table 5.) 
The calculations give the following (T = - 0.887) : 

Solarradiation (a= f71.4) =875.2- (7.60Xrelativehu- 
midity (per cent)). 

Over the longer period of time and by use of a relative 
humidity value which is probably more accurate, a very 
good value for the correlation coefficient is obtained. 

That cloudiness reduces the duration of sunshine is a 
commonplace daily observation. In the absence of 
clouds variation in vapor pressure is correlated with 
minor fluctuations in the radiation intensities. An 
empirical formula introducing the mean cloudiness WBB 
used by Kimball (6) to reduce the clear sky mtensities to 
mean intensities. (See Angstrom ( I ) . )  
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Solar radiation, gr.=cal./cmz. 
(3-hour periods) 

33-23: .................................................... 
188-212 ............................................... 
163-1Y7 ......................................... 

The correlation values here derived for insolat,ion 
int,ensities and relative humidity imply that some rela- 
t,ion must exist bet,ween mean relative humiclity and mean 
cloudiness for these periods. The writer has not been able 
to obt,ain d a h  which could he examined for such a 
relation. That such a rela.tionship is tacitly admitted, at  
least qualitative,ly, is apparent from the. monthly discus- 
sions in the review of relative humidity and sunshine in 
the weather elements under the caption Weat,her in t,he 
United Stat,es. 

If the quantibative relat,ion here discussed is found to 
hold generally it will be useful in various sorts of ecological 
work. It will make possible the approsiniat'ion of regional 
sunshine values for which observations on the mean 
cloudiness are not available. For public-health work the 
study of t8he relation of relative humidity to loss of radia- 
tion in the ultra-violet "biological band '' is even more 
striking, as evidenc.ec1 by some determinations (unpub- 
lislied) of bhe writer. 
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Relative humidity (per cent) 

10&90'89-80 I 79-70, 69-60 59-50 49-10,39-30 Tot3 

2 16 ' 12 32 
4 3 17 

6 .-.-.. 19 

_ _ _ _ - - _ _ _ _ - ~  

2 4 

(5) KIMBALL, H.  H. 
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Determinatioiis of its Depletion by the Atmosphere with 
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138161 113-137 3 5 q  3 4 2 3 ...... 1 
Nlj-112 4 3 2 3 1 1 5  

38-62 ............................... ............ 2 ............ 
13-37 ............................... ...... 2 ............ I ...... 

............................. 
.............................. 

63-87 1 1 ......I ...... ............................... 

_#------- 

... ............ ...... Total.. ............................ 1.. -1.. ..._I 1.. ....! 
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TABLE 1.-Solar radiation for .%hour period corrclatetl u,ith per cent 
relative huniiditg at end of period,  August 1 to Septeniber YO, 193; 

[Three-hour periods ,we Y to 11 a. m , 11 a m. to 2 p. m.. 2 to 5 P. m 1 

Relative humidity (per tent) 

l(M90~ 89-80 I79-70 169-60 159-60 j 4 ( H O  139-30 1 Total 

Solar radiation, gr. =cal./cnQ 
($hour periods) 

16 14 

11 
9 
8 

141 

_ _  

Solar radiation, gr. =cal./cm?. 
(3-hour periods) 

2W249 
20&224 
lib199 ..................................................... 
15&174 ............................................... 
125-149 ................................... 
1M134 ............................. 
7FrY9 ............................... 
50-74 
25-49 ............................... 
I t 2 4  ................................ 

Total ........................ 

63-87 

13-37 ............................... 
3862 ............................... . 

Relative humidity (per cant) 

1M9O' 89-SO i9-70 69-60 59-50 49-40 I 39-30 I Total 

........................................................... 2 2 4 
9 7 1 17 

5 4 4 ...... 13 
2 1 ........................ 3 

2 ...... 2 1 3 ............ 8 
1 1 3 ........................ 5 

......................................................................... 0 
2 3 .............................. 5 
1 .................................... 1 

_ _ _ _ . _ I  .................................... 57 

-~--- 
........................................................... 71- 1 

------ -- 

15 
37 
2s 
22 
35 

12 
19 

Total 172 

85845-30-2 

213-237 ................................... 
1%-212 .................................. 
la-187 ................................... 
138162 
113-137 ....... ...................... 
28-112 .............................. 

......................................... 

TABLE 2.-Solar radiation for 5-hoiLr periods correlated with p e r  cent 
relative humidity at end of period, J u l y  1 to d u g c ~ s t  30, 1926 

[Three-hour rmiodu are S to 11 a m . 11 a. m. to 2 1). m.. 2 to 5 D. iu.1 

I .................. 4 2 1 
1 ............ 7 7 ...... 
1 3 20 9 ...... 

1 3 4 d 1 1 
2 2 9 8 4 ............ 

5 1 2  2 1 

TABLE 4.-Solar radiation for the midday 3-hour period, 1 1  a .  m. 
io 3 p .  nz., correlated with the vapor pressure for the period deter- 
mined f rom hygrothernzograph record, Angiist 1 lo September 90, 
195'7 

[Compare with Table 31 

Vapor pressure 

............ 
......... ...... ...... 

...... .................. 
......... ............ ............ 

75-99 1 2 ............ 5 
0 
5 

1 ............ 1 
Total 57 

175-199 2 
15&174 13 
125-14Y 3 
10&124 1 1 1 2 2 1 8 

........... ............ ...... ...... ...... 

TABLE 5.-solnr radialiou for the 9-hour period, 8 a.  m .  to 5 p .  m., 
corrclated wilh per cent relative humidity from in.tegrated hygrograph 
record for period, tlugust 1 to September 50, 1927 

Solar radiation, gr.=cnl./cm,. 
(9-hour periods) 

Relative humidity (per cent) 

.............................................. ...... 
.................. ...... 

.................................. ...... ...... 

............................ ...... ............ 

............................ ........................ 

............................ .................................... 
............................. 2 .............................. 

21-83 .............................. 

515-577 
452-514 
38%451__________._._._.___-- - - . - . -  

%3425 4 1 2 
200-262 
147-199 

Total ______._._______._______ .............................. 

8.-146 

32f388 I 1 3 1 1 


